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(54) PRODUCTION OF OXIDE SINGLE CRYSTAL 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for producing an oxide single 
crystal by Czochralski technique, so designed that the fluctuation of the 
intensity of the thermal radiation from a single crystal being in growth is 
measured with a thermosensor, and based on the result, a feedback control of 
single crystal growth environment is performed so as to diminish the above 
fluctuation to raise the yield of the aimed single crystal. 

SOLUTION: This method involves a system as follows: a single crystal growing 
oven 10 holds a thermal insulation cylinder 12 therefor, a noble metallic crucible 
14 holding a stock melt therein is placed in the interior of the cylinder, and a 
heating coil 16 is set up around the crucible; a support bar 18 with a seed 
crystal attached to its lower end is set up above the crucible 14, while a load 
cell 20 is mounted on the opposite side; signals from the load cell 20 is inputted 
via a digital voltmeter 22 into a personal computer 24, which, in turn, is 
connected, via a set-point controller 26 and a high-frequency oscillator 28, to 
the heating coil 16; a peephole 30 is preferably provided on the upper part of the 
oven 10, and there is disposed a radiation thermometer 32 for a thermosensor 
32 with which the temperature of a single crystal being in growth is measured. 
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(54) PRODUCTION OF OXIDE SINGLE CRYSTAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing 
an oxide single crystal by Czochralski technique, so designed 
that the fluctuation of the intensity of the thermal radiation 
from a single crystal being in growth is measured with a 
thermosensor, and based on the result, a feedback control of 
single crystal growth environment is performed so as to 
diminish the above fluctuation to raise the yield of the aimed 
single crystal. 

SOLUTION: This method involves a system as follows: a single 
crystal growing oven 10 holds a thermal insulation cylinder 12 
therefor, a noble metallic crucible 14 holding a stock melt 
therein is placed in the interior of the cylinder, and a heating 
coil 16 is set up around the crucible; a support bar 18 with a 
seed crystal attached to its lower end is set up above the 
crucible 14, while a load cell 20 is mounted on the opposite 
side; signals from the load cell 20 is inputted via a digital 
voltmeter 22 into a personal computer 24, which, in turn, is 
connected, via a set-point controller 26 and a high-frequency 
oscillator 28, to the heating coil 16; a peephole 30 is preferably 

provided on the upper part of the oven 10, and there is disposed a radiation thermometer 32 for a 
thermosensor 32 with which the temperature of a single crystal being in growth is measured. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of an oxide single crystal which detects fluctuation of the thermal 
radiation from a training single crystal on the strength with a temperature sensor, and carries out feedback 
control of the single-crystal-growth environment in the manufacture approach of the oxide single crystal by 
the Czochrlski method so that fluctuation of said thermal radiation on the strength may become small. 
[Claim 2] The manufacture approach of an oxide single crystal according to claim 1 of preparing an 
inspection hole in a single-crystal-growth heat insulating mould, and asking for fluctuation of said thermal 
radiation on the strength by measuring the temperature of a training single crystal with a radiation 
thermometer from said inspection hole. 

[Claim 3] The manufacture approach of an oxide single crystal according to claim 1 or 2 of raising a single 
crystal while adjusting at least one of the location of a heater, the output of a heater, and the rotational 
frequencies of a training single crystal in order to make small fluctuation of said thermal radiation on the 
strength. 



[Translation done.] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncip... 12/13/2005 



JP,2000-063196,A [DETAILED DESCRIPTION] 



Page 1 of 4 



* NOTICES * 

JPO and NCXFI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the manufacture approach of an oxide single crystal that this invention is used for a 
substrate ingredient, a ferroelectric material, a piezoelectric ingredient, etc. — being related — especially — 
CHOKURARU skiing (Czochralski) — it is related with the manufacture approach applied to the oxide 
single crystal at large produced by law. 
[0002] 

[Description of the Prior Art] Oxide single crystal production by the general Czochrlski method is 
performed by [ as being the following ]. First, a noble-metals crucible is filled up with an oxide raw 
material, and melting of the oxide raw material is carried out with a radio frequency heating method or a 
resistance heating method. Next, the bearing bar which attached seed crystal is taken down from the 
production furnace upper part, and seed crystal is contacted to an oxide raw material melt side. Next, it pulls 
up at the rate of predetermined, and raw material melt is crystallized. In case raw material melt is 
crystallized, the weight of the melt crystallized to per unit time amount is measured by the weight sensor 
called the load cell attached in the bearing-bar upper part. The measured weight is incorporated by CPU. 
And the output of high-frequency induction heating is automatically controlled so that the weight of the 
crystallized melt serves as a predetermined value. Thus, the oxide single crystal ingot of the diameter of 
constant which has a target diameter is raised. Generally, the repeatability of single crystal growth and grasp 
of a training situation are performed by detecting temperature fluctuation of oxide raw material melt 
indirectly by measuring the templerature of a crucible bottom with the thermocouple or radiation 
thermometer arranged at the noble-metals crucible bottom. 
[0003] 

[Problem(s) to be Solved by the Invention] However, a noble-metals crucible and refractories cause 
deformation by aging etc. by the count of single crystal production. And it is known that it will affect the 
repeatability of the optimal temperature environment for single crystal production. By aging of such a single 
crystal production environment, production of a good single crystal becomes difficult, a crack occurs in a 
training single crystal, or a defect often occurs in a single crystal with eel growth etc. Moreover, in order to 
improve a single crystal in quality, it is necessary to perform single crystal growth, making stability continue 
a flat crystal growth interface (solid-liquid interface). However, since a temperature environment changes by 
considering change of the amount of melt by crystallization as a cause, it is difficult to acquire a flat 
interface in the crystal standard diameter portion whole region, and a crystal growth interface serves as a 
convex configuration at a crystal side, a single crystal separates from melt or problems, such as transition, 
occur. Moreover, although it changes with target ingredients, generally oxide single crystal growth with a 
diameter of 50mm or more takes 100 hours from 40 hours. Furthermore, after separating a single crystal 
from melt, 20 hours is taken to cool a single crystal and melt to a room temperature from 1 0 hours. 
Therefore, when the crack inside the above single crystal and generating of a defect became clear after 
disassembling the refractories in which the heat insulating mould after cooling was formed, the single- 
crystal-growth process over about one week became useless, and the problem of influencing effectiveness 
and the yield greatly had arisen. Furthermore, control of a crystal growth interface was conventionally 
performed for the purpose of quality improvement of a single crystal. This control was performed by 
adjusting the work-piece coil location to a crystal rotational frequency or a noble-metals crucible location 
during single crystal growth. However, the work-piece coil location to a crystal rotational frequency or a 
noble-metals crucible location was experientially obtained from many experimental results. Therefore, the 
crystal growth interface was sharply changed from the single-crystal-growth middle by change of an above- 
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mentioned temperature environment etc., mixing, deflection, etc. of air bubbles arose, and the problem of 
influencing the yield greatly had arisen. 

[0004] So, the main purpose of this invention is offering the manufacture approach of the oxide single 

crystal which can raise the yield of single crystal production. 

[0005] 

[Means for Solving the Problem] The manufacture approach of the oxide single crystal concerning this 
invention is the manufacture approach of an oxide single crystal which measures fluctuation of the thermal 
radiation from a training single crystal on the strength with a temperature sensor, and carries out feedback 
control of the single-crystal-growth environment so that fluctuation of thermal radiation on the strength may 
become small in the manufacture approach of the oxide single crystal by the Czochrlski method. By the 
manufacture approach of this oxide single crystal, by carrying out feedback control of the single-crystal- 
growth environment so that fluctuation of thermal radiation on the strength may become small, a quality 
oxide single crystal is obtained and the yield and repeatability of oxide single crystal production can be 
raised. 

[0006] Moreover, in the manufacture approach of the oxide single crystal concerning this invention, it is 
desirable to prepare an inspection hole in a single-crystal-growth heat insulating mould, and to ask for 
fluctuation of thermal radiation on the strength by measuring the temperature of a training single crystal 
with a radiation thermometer from that inspection hole. What is necessary is just to form an inspection hole 
in the top face or lateral portion of a single-crystal-growth heat insulating mould. 

[0007] Furthermore, in the manufacture approach of the oxide single crystal concerning this invention, in 
order to make small fluctuation of thermal radiation on the strength, it is desirable to raise a single crystal, 
adjusting at least one of the location of a heater, the output of a heater, and the rotational frequencies of a 
training single crystal. 

[0008] Generally the oxide single crystal raised by the Czochrlski method is performed under a 1000-2000- 
degree C elevated temperature. Therefore, 0.8-about ten-micrometer infrared radiation is emitted from the 
interior of single crystal raised from the interior of melt by making into the source of heating the noble- 
metals crucible currently heated directly. The spectrum of thermal radiation on the strength emitted from the 
hole prepared in blackbody follows the principle of the blackbody radiation of a plank, and is per unit area. 
E (b) -(lambda, T)2cllambda-5{Exp(c21ambda-lT-l-l)}-l ... It is expressed **. Here, a radiation constant 
and lambda express wavelength and, as for T, cl and c2 express temperature (for example, an elevated 
temperature and a heat technique: refer to edited by University of Tokyo Press). Furthermore, the integral 
value (E (b) (T)) in the full wave length band of the spectrum of thermal radiation on the strength is 
expressed by the following relation. 

E (b) (T) =sigmaT four ... ** - here, sigma shows a Stefan-Boltzmann constant (=5.67032 xlO-16 J/m2 
second-K4). ** A formula is a formula of Vienna in approximation. E (b) =(lambda, T)2cllambda-5{Exp 
(c21ambda-lT-l)}-l ... It can express **. 

[0009] Moreover, the intensity of radiation E of the common solid-state in temperature T (lambda, T) is 
measured with it of the blackbody in the same temperature. E(lambda, T) =epsilon(lambda, T) E (b) 
(lambda, T) ... It is expressed **. epsilon (lambda, T) is emissivity and takes the value of 0-1 here depending 
on the matter, wavelength, and temperature. Furthermore, when temperature of blackbody with intensity of 
radiation equal to E (lambda, T) is set to Slambda in one certain wavelength lambda, it is. EQambda, T) =E 
(b) =(lambda, Slambda) epsilon(lambda, T) E (b) (lambda, T) 

... It becomes **. Slambda at this time is called luminance temperature of that body. About a radiation 
thermometer, temperature can be known by measuring the amount (radiant energy) of the thermal radiation 
expressed to ** type. 

[0010] Here, considering the case where single crystal growth is performed without generating of air 
bubbles or a crack, in ** type, the amount of thermal radiation will be observed by single crystal raising 
shaft bearing with the almost same emissivity also in which part of a perpendicular and a crystal surface 
circumferencial direction. Therefore, it is expected that it will be in the condition that the temperature by 
which radiant energy will be detected by the radiation thermometer and measured in the fixed condition 
does not have fluctuation. On the other hand, when a crack and air bubbles mix during single crystal growth, 
a state of matter will change with the reflection and the air bubbles in a crack interface. Consequently, the 
amount of radiant energy will be changed with the location which becomes less uniform [ the emissivity of 
the matter ] by the existence of an irregular defect under crystal, and observes it. 

[001 1] When 10 degrees C or more of temperature ranges of fluctuation of the crystal measured during 
single crystal growth were periodically observed from the experimental result which many artificers 
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performed, it turned out that a crack and air bubbles are certainly mixed in the interior of a crystal. It became 
clear that this periodic temperature fluctuation had a peak in spectral intensity in 0.01 7Hz as a result of a 
Fourier analysis. Since it corresponded to a crystal rotational frequency (lOrpm) about and the single crystal 
ingot was rotating in crystal growth, it was guessed that this was that by which fluctuation of a thermal 
radiation spectrum was observed periodically. If this temperature fluctuation of about 10 degrees C is 
converted into emissivity epsilon (lambda, T) using **, **, and ** type in the wavelength of lambda= 0.96 
micrometers on the basis of the melting point (1470 degrees C) of langasite, it will become about about 0.03 
to 0.04 fluctuation. Therefore, when such a phenomenon is observed, possibility that the matter with which 
emissivity differs in a training single crystal was intermingled becomes possible [ guessing a high thing 
indirectly ]. Moreover, this width of face is equivalent also to extent of mixing to the crystal of a crack or air 
bubbles, and becomes possible [ also presuming extent of the crack and air bubbles which were generated in 
the single crystal ] by measuring this width of face. 

[0012] Therefore, a quality single crystal can be obtained by feeding this back to a crystal training 
environment, and adjusting a crystal rotational frequency and a work-piece coil location in the phase where 
fluctuation of emissivity was observed, so that fluctuation of emissivity may become small. Or it becomes 
possible to perform interruption of single crystal growth etc. at an early stage. Moreover, even when it 
becomes clear at a training anaphase, it becomes possible to form the cure for the following single crystal 
growth, such as grasp of the degradation situation of heat insulating material, or an exchange stage, and 
grasp of the **** stage of a crucible, in an early phase, and it becomes possible to perform single crystal 
growth with high effectiveness. Furthermore, it becomes possible to guess extent of the crack and air 
bubbles which were generated in the single crystal with the magnitude of the range of fluctuation of 
emissivity. 

[0013] The above-mentioned purpose of this invention, the other purposes, the description, and an 
advantage will become still clearer from detailed explanation of the gestalt of implementation of the 
following invention performed with reference to a drawing. 
[0014] 

[Embodiment of the Invention] The single-crystal-growth furnace 10 shown in drawing 1 contains the 
single-crystal-growth heat insulating mould 12. In the single-crystal-growth heat insulating mould 12, the 
noble-metals crucible 14 for holding raw material melt is arranged. The coil 16 for heating raw material melt 
with a radio frequency heating method around the noble-metals crucible 14 is arranged on the outside of the 
single-crystal -growth heat insulating mould 12. Moreover, on the noble-metals crucible 14 in the single- 
crystal-growth heat insulating mould 12, the bearing bar 1 8 which attached seed crystal in the lower limit is 
arranged. A bearing bar 1 8 can be pulled up at the rate of predetermined, after contacting seed crystal to a 
raw material melt side. With the seed crystal of a bearing bar 1 8, the load cell 20 as a weight sensor is 
attached in the edge of the opposite side. The signal from a load cell 20 is inputted into a personal computer 
24 through a digital voltmeter 22. The par SONARUKO pewter 24 is connected to the set point controller 
26, the set point controller 26 is connected to a high-frequency oscillator 28, and a high-frequency oscillator 
28 is connected to the coil 16 as a heater. Moreover, an inspection hole 30 is formed in the upper part of the 
single-crystal-growth heat insulating mould 12. The radiation thermometer 32 as a temperature sensor for 
measuring the temperature of the single crystal under training is arranged on the outside of an inspection 
hole 30. Moreover, the controlled atmosphere input 34 and an exhaust port 36 are formed in the single- 
crystal-growth heat insulating mould 12. 

[0015] (Example 1) La3 Ga5 Si014 (langasite) was chosen as an oxide single crystal (only henceforth single 
crystal) ingredient. They are La 203, Ga 203, and Si02 as a start raw material. 1537.12 g, 1473.90 g, and 
after carrying out 188.98g weighing capacity, it blended dryly enough, respectively. The appearance of 
100mm, height of 100mm, and the PtRh noble-metals crucible 14 of 2mm of thickness were filled up with 
mixture after press forming, and single crystal raising was tried with the Czochrlski method using the single- 
crystal-growth furnace 1 0 shown in drawing 1 . Training conditions were made into 1 -3mm/hour in crystal 
rotational frequency lOrpm and crystal raising rate, and <001> bearings. Moreover, it is N2 as a training 
ambient atmosphere. It is 2vol%02 to gas. The gas made to mix was made to flow continuously during 
training by part for 31./in a training ambient atmosphere. The crystal with a diameter of about 5mm was 
pulled up in about 2 hours after seed attachment, adjusting a high-frequency-induction-heating output. Then, 
the diameter was enlarged gradually and 50mm which is a diameter of a target was made to reach. It raised 
adjusting a high-frequency-induction-heating output next, until it became die length of about 150mm with 
the diameter of a target. Raising a RF output gradually after that furthermore, the diameter of a crystal was 
made thin and it separated from melt. After detaching, the single crystal raised over about 20 hours was 
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cooled. After crystal separation, when the temperature of a single crystal side face was supervised with the 
thermal radiation thermometer 32 from the inspection hole 30 at the time of cooling, the range of fluctuation 
of measurement temperature was stable within 2 degrees C, as shown in drawing 2 . It turned out that the 
single-crystal-growth heat insulating mould 12 is disassembled after cooling termination, and the single 
crystal without a crack etc. is raised when a single crystal is taken out and investigated. As a thermal 
radiation thermometer 32, the infrared ray radiation thermometer (IR-AP by CHINO Corp., measurement 
wavelength of 0.96 micrometers) was used. 

[0016] (Example 2) Single crystal growth was tried using the PtRh noble-metals crucible 14 and refractory 
material which were used for training about 20 times. The noble-metals crucible 14 had intense deformation 
by softening by the repeat of the Shotaka **, and the volume fluctuation by the repeat of solidification 
melting of melt. After pulling up until it raised on the same crystal training conditions as an example 1 and 
became die length of about 1 50mm in the diameter of 50mm using the raw material prepared by the same 
approach as an example 1, the RF output was adjusted and the single crystal ingot was separated from melt. 
Then, the raised single crystal was cooled on the same conditions as an example 1 . When the temperature of 
a single crystal side face was supervised from the inspection hole 30 of the upper part of the single-crystal- 
growth heat insulating mould 12 at the time of cooling, about 12-degree C periodic fluctuation as shown in 
drawing 3 was observed. When the single-crystal-growth heat insulating mould 1 2 was disassembled after 
cooling termination and the single crystal was taken out, it turned out that the single crystal which has many 
cracks is raised. 

[0017] (Example 3) The experiment which controls a crystal growth interface configuration was tried using 
the raw material prepared by the same approach as an example 1 . It raised on the same crystal training 
conditions as an example 1, and the crystal rotational frequency was made to increase from the time of 
becoming the diameter of 50mm gradually. When set to crystal rotational frequency 25rpm, the augend of 
the crystal weight signal outputted from a load cell fell, and it changed from the bottom convex which the 
crystal growth interface projected caudad to raw material melt to the flat condition rapidly. When the 
temperature of a single crystal side face was supervised from the upper part of the single-crystal-growth heat 
insulating mould 12 at this time, as shown in drawing 4 , the rise of the measurement temperature 
corresponding to change of the temperature distribution by convection-current change of raw material melt 
was checked. Then, the feedback control which adjusts a crystal rotation rate so that the range of fluctuation 
of this fluctuation may become less than 2 degrees C was repeated. And after pulling up until it became die 
length of about 150mm, the RF output was adjusted and the single crystal ingot was separated from melt. 
After detaching, the single crystal raised on the same conditions as an example 1 was cooled. When the 
single-crystal -growth heat insulating mould 12 was disassembled after cooling termination and the single 
crystal was taken out, it turned out that the flat quality single crystal of a crystal growth interface is raised. 
[001 8] In addition, feedback control may be carried out, adjusting the location of a coil, and/or the output of 
a coil on the same conditions as an example 3, while adjusting the rotational frequency of a single crystal. 
Moreover, an engine speed is fixed, and feedback control may be carried out, adjusting the location of a coil, 
and/or the output of a coil. 
[0019] 

[Effect of the Invention] Conventionally, about macroscopic quality, such as a crack, air bubbles, etc. which 
are generated during training of a single crystal, after single-crystal-growth termination, it was able to judge, 
only after cooling to a room temperature. Moreover, crystal growth interface control important in order to 
raise the single crystal of high quality had the large place depending on the skilled skill. However, according 
to this invention, macroscopic quality can be evaluated simple and certainly during single crystal growth, 
and it becomes possible to attain high single crystal manufacture of effectiveness and quality. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 4] 
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